The aims of this study were to determine the prevalence, type, and clinical features of nosocomial infections (NIs), their etiological distribution, and the antibiotic resistance patterns of causative organisms in the general pediatric wards of a hospital in Turkey over a 3-year period. The Hospital Infection Control Committee NI surveillance reports were used as a database. NIs were detected in 171 (2.25z) of the 7,594 hospitalized patients. Some of these patients experienced more than 1 episode, and thus, the total NI episodes were 229. Patients' age varied from 1 to 144 months (mean ± standard deviation, 14.5 ± 23.6 months). The NI rate was 3.02z, and the NI density was 3.17/1,000 patient days. The most frequent NIs were lower respiratory system infections, blood stream infections, and urinary tract infections. Gram-negative organisms were the most frequently isolated agents. Of the 171 patients with NIs, 47 (27.5z) died.
Nosocomial infections (NIs) are the major causes of prolonged hospital stays, increased costs, the increased resistance of organisms to antimicrobials, and mortality in hospitalized adults and children. NIs in pediatric and adult patients differ with respect to the sites of infection and the types of pathogens. In addition, NIs differ by country, region, hospital, and type of units, such as wards or intensive care units (1) . There exist many reports on epidemiology, risk factors, and preventive measures for adult NIs. However, studies that focus on the pediatric population, particularly in developing countries, are limited. For this reason, we investigated the epidemiological, microbiological, and clinical features of NIs in the general wards of a pediatric hospital that does not have a pediatric intensive care unit (PICU) facility.
Immunocompetent patients who were aged from 1 month to 18 years and had been admitted for miscellaneous diseases and developed a NI between January 2005 and January 2008 in a hospital in Turkey were retrospectively evaluated. The patients who had positive bacterial culture results or had negative culture results but clinical features of infection were included. A positive blood culture that was taken at least 72 h after the preceding positive blood culture was assessed as a new NI episode. The Hospital Infection Control Committee (HICC) NI surveillance reports were used as the database. NIs were defined on the basis of the Centers for Disease Control and Prevention (CDC) criteria (2) . Crude NI rates were calculated with the following formula: NI rate ＝ (infection number/admitted or discharged patient number) × 100, and NI density was caluculated with the following formula: density ＝ (infection number/patient day) × 1,000 for each year and ward. The ventilator-associated pneumonia (VAP) rate was calculated with the following formula: VAP rate ＝ (VAP number/mechanical ventilator day) × 1,000. The NIs of each patient were classified according to the infection sites. Standard methods were used for microbiologic, biochemical, and radiologic investigations. Antibiotic susceptibility tests were performed according to the Clinical Laboratory Standards Institute (CLSI) recommendations.
The Statistical Package for the Social Sciences (SPSS) for Windows version 11.5 was used for the statistical analysis. The descriptive statistics of intermittent and continuous numerable variables were expressed as mean ± standard deviation or median (minimum-maximum), and classifiable variables were expressed as the number of cases and percents. The test for the significance of differences between 2z was used to evaluate whether there was a statistically significant difference in the NI rates among the years.
In the 3-year period, 7,594 patients were hospitalized in the general pediatric wards. NIs were detected in 171 (2.25z) of the patients. Fifty-eight (34z) of these patients experienced more than 1 episode, and thus, the total number of NI episodes was 229. The mean age of the patients was 14.5 ± 23.6 months (1-144 months), and 88z of the patients were younger than 2 years of age. Ninety-nine of the patients were male, and 72 were female. The diagnoses upon admission were infectious diseases, which were most commonly community-acquired pneumonia and sepsis and which occurred in 106 (61.9z) of the patients. The comorbid diseases were malnutrition (55, 24z), congenital heart diseases (44, 19.2z), chronic lung diseases (4, 1.7z), neuromuscular Various organisms were isolated in 94 (41z) of the cultures in the 229 NI episodes. Gram-negative organisms were more frequently isolated (79.8z) than Grampositive organisms (20.2z). The most frequently isolated organisms were Klebsiella spp. (27, 28 .7z), Pseudomonas aeruginosa (18, 19.1z), Escherichia coli (15, 15.9z), and coagulase-negative staphylococcus (CoNS) (9, 9.6z). For the BSIs, the most frequent organisms were Klebsiella pneunomiae and CoNS; for LRTIs, they were P. aeruginosa; and for UTIs, they were Klebsiella spp. Extended-spectrum b-lactamase (ESBL) production of E. coli and Klebsiella spp. occurred in 11 (73.4z) and 18 (66.6z), respectively. Inducible b-lactamase production was 100z with Enterobacter cloacae and 11.1z in P. aeruginosa. The distribution of detected organisms and antibiotic resistance patterns according to the infection site are demonstrated in Table 2 .
Forty-seven of the 171 patients (27.5z) died. The median age of these patients was 9.2 months. LRTI episodes were most common in these patients (69.3z), and mechanical ventilation was applied in 72.3z of them. The most frequent NI was VAP (38.7z of all episodes that developed in these patients) and the most frequently isolated organism was P. aeruginosa (41.6z).
The NIs and the distribution of pathogens vary according to the patient characteristics (age, primary diagnosis, comorbidities, and procedures done), the healthcare setting (intensive care, ward, or surgical care), facility of infection control measures, and healthcare system (hospital, region, or country) (1). Surveillance is an essential element of programs for controlling hospital infections. The National NI Surveillance System has existed in Turkey since 2005. This study included the years 2005, 2006, and 2007, which were early in the systemic efforts of surveillance and control of NI in our hospital and country. Since then, NI rates have significantly decreased, especially in 2007.
We found that the NI rate was 3.02z, and the incidence density was 3.17/1,000 patient days. The NI rates range from 1z in Northern Europe to À40z in some parts of Asia, South America, and Africa (1). The higher rates are possibly related to the presence of risk factors and the absence of a PICU facility. It has been reported that the incidence of NIs was significantly higher in PICUs than in general wards in Western countries (3) (4) (5) . In developing countries, NI rates of PICUs were reported as much higher (6) (7) (8) . The distribution of infections by sites may vary with respect to various factors, such as age, properties of hospitals, the prevalence of invasive procedures, risk factors, and associated diseases of patients (3) (4) (5) 8) . LRTIs were the most common infection in our study, which was followed by BSIs and UTIs. We thought that this was related to a higher rate of mechanical ventilator utilization, but a lower rate of vascular and urinary catheter utilization. The VAP frequency was 35.5 cases per 1,000 ventilator days in our study. The incidence rate of VAP that was found in our study was higher than that of other studies (4, (9) (10) (11) (12) (13) . This was thought to be a result of the treatment of critically ill patients with mechanical ventilators in general pediatric wards without a sufficient number of medical staff and isolation conditions because of the absence of a PICU in the hospital. Additionally, nearly one-third of our patients with LRTIs had neuromuscular disease as a component of various genetic syndromes. A comparison of intubated patients with and without VAP demonstrated that there was an association between VAP and underlying illness, particularly genetic syndrome (13) .
Gram-negative organisms were the most common pathogens in our study. The Gram-negative bacilli vary in the frequencies that they cause the 4 most common NIs: LRTI, surgical site infection (SSI), UTI, and BSI, in both adults and children. Data from the United States revealed that the percentage of SSIs that was associated with Gram-negative bacilli decreased significantly over the years, while the percentages of LRTIs and UTIs remained constant (14, 15) . CoNS is the organism that most frequently causes BSIs in most studies and is responsible for over 80z of catheter-related BSIs Table 2 MRSA, methicillin-resistant S.
aureus; BSI, blood stream infection; LRTI, lower respiratory system infection; UTI, urinary tract infection; LCBSI, laboratory-confirmed blood stream infection; NP, nosocomial pneumonia; VAP, ventilator-associated pneumonia; SUTI: symptomatic urinary tract infection; ASB, asymptomatic bacteriuria; GE, gastroenteritis; CESI, catheter exit site infection; SSISI, superficial surgical incisional site infection. 320 321 321 (3, 4, (16) (17) (18) (19) . In our study, K. pneumoniae was more frequently isolated in BSIs than CoNS. This difference may be the result of a low rate of use of central line catheter in our hospital. The ESBL-producing K. pneumoniae rate was high in our study. Increasing ESBL production is an important problem in K. pneumoniae infections (3, 20) . Mechanical ventilation and hospitalization for more than 14 days have been reported to be the strongest independent predictors of ESBL-positive K. pneumoniae colonization in pediatric patients (21, 22) . In our study, P. aeruginosa was found to be the most common pathogen in patients with LRTIs, especially VAP; this was similar to the findings of other studies from Europe and the United States (3, 13, 23) . E. coli is an important nosocomial pathogen that primarily causes UTIs. In our study, E. coli was the responsible organism in one-third of nosocomial UTIs, and the ESBL-production rate was high. The antibiotic resistance of E. coli is also an increasing problem (20, 22) . Clinical sepsis and NP are well-known diagnoses that are not based on microbiological tests but are based on CDC criteria (2) . The cultures of some VAP patients in our study were not confirmed. It was reported in a systematic review of literature from 1947 to 2010 that the diagnosis of VAP is problematic because the clinical, radiologic, and microbiologic criteria lack sensitivity and specificity relative to autopsy/histopathology and culture. The authors recommended that a more rigorous approach to diagnosis be conducted by using the CDC algorithm (24) .
We found a high mortality rate (27.5z) with NIs. It has been reported from different studies that lower age, malnutrition, underlying diseases, P. aeruginosa infections, and VAP are related to the higher mortality rates of NIs (3, 7, (25) (26) (27) (28) . The presence of various risk factors in our study group, the predominance of VAP, and antibiotic-resistant Gram-negative pathogens, especially P. aeruginosa, as etiological agents were related to the high mortality rate.
In conclusion, in this study, we investigated the surveillance data of a tertiary care children's hospital that did not have a PICU facility. Surveillance of NIs plays a key role in infection control in hospitals because it discloses characteristics of healthcare units and patients, risk factors, and the responsible organisms for NI and serves as a guide for measures to reduce NI rates.
